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ENERGY EFFICIENT WATER PURIFICATION
SYSTEM

FIELD OF THE INVENTION

The present invention relates to an energy efficient
water purification system for water treatment USING a
reverse osmosis machine.

BACKGROUND OF THE INVENTION

In reverse osmosis machines, the water is pre-treated
by being caused to flow through a succession of units,
consisting of a sediment filter, a water softener and
carbon filters. The pre-treated water is then fed to the
reverse osmosis machine where it is purified for its end
use.

Periodically, normally during off-peak operations of
the machine, timing devices for the pre-treatment de-
vices of the system operate to cause each piece of equip-
ment to go through its regeneration or flushing mode.
The system normally causes the flow through the unit
to be reversed so that the reverse flow causes the con-
taminants removed by the unit to be discharged from
the system. After the flushing or regeneration, the unit
is returned to its normal operation.

In conventional systems, the operation of each unit is
automatically timed to flush during an off-peak period,
by reversing the flow of the water through the piece of
equipment and diverting the effluent to waste.

In a water purification system having a low demand,
the reverse osmosis machine may operate with feed
water at its normal supply temperature. However,
where the demand for purified water is high, efficient
operation of the reverse osmosis machine requires that
the temperature of the water be heated to about 77° F.,
which is the optimum temperature for operation of the
membranes in the reverse osmosis machine. The tem-
perature of the water is normally elevated by mixing
fresh unheated water with heated water in a proportion
to achieve a 77° temperature at the input to the reverse
osmosis machine. The standard practice is to mix the
hot and cold water to adjust the temperature in advance
of the pre-treatment units. Thus, the water flowing
through the pre-treatment units is controlled as to its
temperature to assure 77° water entering the reverse
osmosis machine.

SUMMARY OF THE INVENTION

The present invention provides a mechanism for ef-
fecting a considerable saving in energy during the re-
generation period. N

More specifically, the present invention provides for
interrupting the temperature control of the water flow-
ing through the units during the periods when regenera-
tion is being effected.

The interruption of the temperature control is prefer-
ably achieved by cutting off the flow of hot water and
substituting a flow of fresh water to the pre-treatment
units during regeneration.

BRIEF DESCRIPTION OF THE DRAWINGS

All of the objects of the invention are more fully set
forth hereinafter with reference to the following de-
scription when taken in conjunction with the drawing,
in which:

The Figure is a schematic diagram of a water purifi-
cation system embodying pre-treatment units for the
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water, all controlled in accordance with the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawing, there is shown gener-
ally an energy efficient water purification system in-
cluding a cold water inlet 13; a hot water inlet 12 for
causing a flow of feed water into the water purification
system and a heater 10 to heat the flow of water from
the hot water inlet 12; means to adjust the temperature
of the water, in the present case a blending valve 20; a
pre-treatment system comprising, for example, a sedi-
ment filter unit 31, a water softener unit 32, and carbon
filter units 33 and 34; a reverse osmosis machine 40
having an inlet port 42 for receiving the flow of heated
water at a given temperature to filter the water and
discharge impurities therefrom; and a purified water
outlet 45 for discharging the purified water from the
reverse osmosis machine to the end use area.

Referring now to the figure, the heater 10 heats the
flow of water entering the water purification system
through the hot water inlet 12, the hot water inlet line
discharges the heated water in a hot water stream 14 to
the blending valve 20 where the hot water is blended
with a flow of water from the cold water inlet line 13.
In the present instance, the hot water heater 10 is of the
electric type. The blending valve 20 is controlled by a
thermal sensor in the valve to maintain the temperature
of the water at the critical temperature of 77° F., the
thermal sensor actuates the blending valve 20 such that
the heated flow of water from the hot water inlet line is
increased relative to the flow of water from the cold
water inlet line 13.

In addition, when the temperature of the water from
the hot water inlet 12 rises above the given temperature,
the thermal sensor actuates the valve 20 to add cold
water in the valve 20 where the temperature is modu-
lated to achieve the aforesaid critical temperature. It is
essential that the temperature of the water remain at 77°
F. for optimal operation of the reverse osmosis machine
40.

The heated water flowing from the valve 20 is pre-
treated and, to this end, the flow from the valve 20 is
directed through a three-way valve 30 to the first of a
succession of pre-treatment units, namely a sediment
filter 31. The valve 30 has one inlet port, normalily open,
connected to the valve 20, a second inlet port, normally
closed, connected to the cold water inlet 13, and an
outlet port, always open, connected to the pre-treat-
ment system. The water is successively passed through
the water softener 32 and the carbon filters 33 and 34 to
the inlet 42 of the reverse osmosis machine 40.

The reverse osmosis machine 40 receives the flow of
hot water from the blending valve 20 to purify the
water and discharge impurities therefrom in a drainage
stream 44. The reverse osmosis machine 40 includes a
membrane 43 to filter the water, discharging the puri-
fied water into a product stream through the outlet 45.
Approximately 50% of the water is discharged to the
drainage stream 44 and the other 50% of the water
continues on into the product stream for its ultimate end
use.
Water purification systems using a reverse osmosis
machine are required to purify the water for kidney
dialysis machines, but are more widely used where a
high degree of water purification is desirable as in hos-
pitals, laboratories, manufacturing operations having
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water systems where the feed water is contaminated,
odoriferous or otherwise not suitable for conventional
water treatment equipment. For systems requiring a
low output, the temperature control may be omitted for
economic reasons.

Periodically, the pre-treatment units 31, 32, 33 and 34
must be regenerated. Typically, the regeneration occurs
during off-peak operation and consists of a reverse flush
or backwash of each unit. Prior to the present invention,
each unit operated independently of the others in accor-
dance with its own controls to flush and backwash
during a quiet period, for example during off-peak hours
when no water purification operation is running. A
normal back-flushing of the pre-treatment system may
use in excess of 1000 gallons of water per regeneration,
and it has been found that a considerable energy loss
results by the use of water heated at 77° to achieve the
backwashing. It has been found that the backwashing of
the pre-treatment devices is substantially fully effective
with backwashing with fresh unheated water. By elimi-
nating the need to use heated water in flushing the pre-
treatment units 31-34, a considerable saving in heat
energy is achieved.

In accordance with the present invention, the three-
way valve 30 is connected to the fresh water inlet 13 so
as to enable the valve to be operated to bypass the heat-
ing system including the hot water inlet 12, the heater
10 and the blending valve 20. In some installations, it
may be desirable to use two separate valves in place of
a three-way valve so as to minimize the chance of leak-
age of unheated water into the operating system. In
other installations, it may be preferred to control the
blending valve 20 to interrupt the flow of hot water
through the blending valve so that the blending vaive
discharges cold water to the pre-treatment units 31-34
during the flushing operation.

In any event, the flow of hot water to the pre-treat-
ment units 31-34 is interrupted during the flushing per-
iod and fresh water is used for the flushing operations.
To accomplish this, a control box 37 is coupled to the
valve and the pre-treatment units 31-34 so that all of the
devices are flushed with cold water rather than heated
water. The box also includes a connection to the reverse
osmosis machine 40 to disable the machine during the
regeneration and avoid inadvertent start-up. During the
flushing operations, the flushing water is discharged to
a drain line 38.

Some of the many advantages and novel features of
the invention should now be apparent in view of the
foregoing description and accompanying drawings. For
example, a conventional water purification system has
been described which consists of fluid inlets for causing
a flow of water, a reverse osmosis machine for receiving
the flow of water and having a membrane operable at a
first given temperature to purify the water and dis-
charge impurities therefrom in a discharge stream, and
an outlet receiving the purified water from the reverse
osmosis machine, and a valve to control the tempera-
ture of the water entering the reverse osmosis machine
at the first given temperature. The improved apparatus
for conserving energy comprises an unheated fluid inlet
to introduce fresh water through the pre-treatment
units during their regeneration cycles. By using the
method and apparatus of the invention, the energy re-
quired to operate the hot water heater is substantially
curtailed, thus resulting in significant savings in the cost
of operating a water purification system.
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It is understood that the invention is not limited to the
particular embodiment which is disclosed, but is in-
tended to include all modifications and changes which
are within the scope and spirit of the invention as de-
fined by the appended claims.

We claim:

1. A water purification system having fluid inlet
means for introducing a flow of feed water fluid, water
pre-treatment means for treating the flow of feed water
to remove contaminants, said pre-treatment means in-
cluding at least one unit which may be regenerated by
flushing, a reverse osmosis machine arranged for receiv-
ing said flow of pre-treated feed water and having a
membrane operable at a given temperature to purify
said feed water and discharge impurities therefrom in a
discharge stream therefrom, at least one output receiv-
ing the purified feed water from said reverse osmosis
machine and sensor means for controlling the tempera-
ture of the flow of feed water entering the pre-treatment
means to maintain the feed water at said given tempera-
ture;

the system further comprising control means for in-

terrupting the flow of controlled temperature fed
water to said pre-treatment means during a period
for regeneration of said pre-treatment means and
introducing unheated feed water to said pre-treat-
ment means during said regeneration, whereby said
one pre-treatment unit is regenerated by flushing
with unheated water.

2. A system according to claim 1, wherein said con-
trol means comprises valve means having a normally-
open port arranged for controlling the flow of feed
water from said control means and a normally-closed
port connected to the fluid inlet means, and means oper-
able to close said normally-open port and open said
normally-closed port during said regeneration period.

3. A system according to claim 2 wherein said sensor
means comprises a mixing valve having a heated water
outlet, said normally open port of said valve means
being connected to said heated water outlet port during
said regeneration period.

4. A system according to claim 1, wherein said pre-
treatment means comprises a sediment filter unit, a
water softener unit, and at least one carbon filter unit,
each of said units being capable of regeneration by
flushing.

5. A system according to claim 1 including means
operable to disable the reverse-osmosis machine upon
interruption of the flow of controlled temperature feed
water.

6. A method of conserving energy in a water purifica-
tion system having fluid inlet means for introducing
flows of heated feed water and fresh water into the
system, sensing means for controlling the temperature
of the flow of heated feed water from said inlet means to
a given temperature, a reverse osmosis machine receiv-
ing said flow of heated feed water and having a mem-
brane operable at said given temperature to purify said
heated feed water and discharge impurities therefrom,
at least one output receiving the purified feed water
from said reverse osmosis machine, and a regeneratable
water pre-treatment system in advance of said reverse
osmosis machine to remove contaminants from the
heated feed water prior to entry into said reverse osmo-
sis machine,

said method consisting of the steps of controlling the

temperature of the feed water in advance of the
pre-treatment system, interrupting the flow of



5,401,421
5 6

heated feed water to said pre-treatment system and  units of the pre-treatment system within an off-peak
introducing the flow of fresh water into said pre- 4.0 period.

treatment system during regeneration for regener- . . . .
ating said pre-treatment system, 8. A method according to claim 7 including the step

7. A method according to claim 6 wherein said regen- 5 of disabling the reverse osmosis machine upon interrup-
eratable water pre-treatment system includes a plurality ~ tion of the flow of heated feed water.
of units, said regenerating step being performed on all R
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